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Abstract Exercise-induced anaphylaxis (EIA) and food-
dependent, exercise-induced anaphylaxis (FDEIA) are rare
but potentially life-threatening clinical syndromes in which
association with exercise is crucial. The range of triggering
physical activities is broad, including as mild an effort as a
stroll. EIA is not fully repeatable (ie, the same exercise may
not always result in anaphylaxis in a given patient). In
FDEIA, the combined ingestion of sensitizing food and
exercise is necessary to precipitate symptoms. Clinical
features and management do not differ significantly from
other types of anaphylaxis. The pathophysiology of EIA
and FDEIA is not fully understood. Different hypotheses
concerning the possible influence of exercise on the
development of anaphylactic symptoms are taken into
consideration. These include increased gastrointestinal
permeability, blood flow redistribution, and most likely
increased osmolality. This article also describes current
diagnostic and therapeutic possibilities, including changes
in lifestyle and preventive properties of antiallergic drugs as
well as acute treatment of these dangerous syndromes.
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Introduction
Anaphylaxis is defined as a potentially life-threatening
generalized or systemic hypersensitivity reaction involving
several organs and systems, particularly the skin, respiratory
tract,gastrointestinaltract,andcardiovascularsystem[1]. It is
believed that the first description of an anaphylactic reaction
came from François Magendie in 1839 [2], while the term
anaphylaxis was first used by Portier and Richet [3] in 1902.
There is no unified method of obtaining data about
anaphylaxis; thus, its incidence is very difficult to evaluate
clearly. Epidemiologic studies have reported a range of 8 to
50 per 100,000 person-years, with a lifetime prevalence of
0.05% to 2.0% [4]. A recent study from the United
Kingdom reported the prevalence of anaphylaxis to be 32 in
100,000 [5]. General opinion suggests that the prevalence of
anaphylaxis is underestimated and has increased in recent
years. It is also presumed that there are about 50 to 2,000
episodes per 100,000 persons, and anaphylaxis might affect
up to 2% of the Western population [6].
Since the early-1980s, interest has grown in patients with
anaphylaxis triggered by exercise. The first case report came
fromMaulitz et al. [7] in 1979. They described a patient who
experienced on two occasions anaphylactic symptoms
caused by running that was preceded by shellfish ingestion
5 to 24 h earlier. Both strenuous exercise and causative food
alone were well-tolerated. Kidd and coworkers [8]p r e s e n t e d
four such patients and designated the phenomenon of food-
dependent, exercise-induced anaphylaxis (FDEIA).
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DOI 10.1007/s11882-010-0150-yIn 1980, Sheffer and Austen [9] presented a series of 16
patients in whom exertion elicited a variety of anaphylactic
symptoms, including generalized urticaria, pruritus, angioe-
dema, gastrointestinal colic, and hypotension. As this set of
symptoms was very similar to anaphylactic syndrome
resulting from contact with foreign antigen, they termed it
exercise-induced anaphylaxis (EIA).
Patients with EIA are approximated to represent about
5% to 15% of all anaphylactic cases [10]. Prevalence of
FDEIA is not well-documented, but it is estimated to make
up one third to one half of all EIA patients. In a population
of more than 76,000 Japanese junior high school students,
Aihara et al. [11] found only 13 (0.017%) and 24 (0.031%)
cases of FDEIA and EIA, respectively.
There is no known racial predilection for EIA. As for other
cases of anaphylaxis, prevalence of EIA by gender changes with
age. In the study by Aihara et al. [11], there was no gender
predilection in EIA patients, while in the FDEIA group, the
number of boys (n=11) was significantly higher than that of
girls (n=2). When both children and adult EIA patients are
considered, the overall incidence is highest in women. In two
large studies of 199 and 279 EIA patients, respectively, the ratio
of females to males was 2:1 [12, 13]. Onset of EIA symptoms
most typically occurs in young adulthood, predominantly in the
second [12]o rt h i r d[ 13] decade of life, but may vary from
younger than 5 years of age to older than 75 years of age.
Symptoms of EIA are usually triggered by exercise of
moderate intensity. Activities most commonly considered to be
causative of EIA (ie, the most often reported to be associated
with EIA) are listed in Table 1. There is no entirely safe exercise
for patients with EIA. Symptoms may develop just as
commonly in individuals performing mild physical effort such
as yard work as they do in vigorously exercising athletes.
Exercise with less cardiovascular demand seems to be safer and
is responsible for less than 2% of EIA episodes [13]. Episodes
of EIA are not fully predictable. In some patients, exercise of
the same intensity sometimes provokes symptoms, but on other
occasions, a patient will remain symptom free. It seems
plausible that some external factors may influence EIA. Warm
environment, high humidity, and cold environment have been
r e p o r t e dt ob ea s s o c i a t e dw i t hE I Ao c c u r r e n c ea m o n g6 4 % ,
32%, and 23% of patients, respectively [12]. Frequency of EIA
events varies from patient to patient and ranges from singular
episodes to multiple episodes too frequent to enumerate.
Shadick et al. [13] reported an average of 14.5 attacks per
year. Most patients claim that the frequency of EIA episodes
remains stable or decreases after the illness first begins. The
most frequently reported symptoms are listed in Table 2.
In the subpopulation of patients with FDEIA, ingestion of
causative food and physical effort are necessary to induce
anaphylaxis. In Europeans, tomatoes, cereals, and peanuts are
the mostfrequent allergenic foods [14], whereas in the Japanese
population, wheat and particularly the omega-5 gliadin allergen
are the most frequent [15, 16￿]. Other causative foods include
seafood (especially shellfish), seeds, cow’s milk, some
vegetables and fruits (eg, oranges, onions, or grapes), foods
contaminated with aeroallergens such as house dust mite and
Penicillium mold, meats, and miscellaneous foods (eg, alcohol,
snails, taro, red bean, and mushrooms) [10].
Symptoms of EIA may start at any stage of exercise or after
it, but in 90% patients, they begin within 30 min after initiating
exercise [13]. In FDEIA, ingestion of causative food usually
precedes exercise by several minutes or even hours. However,
some observations indicate thatF D E I Am a ya l s oo c c u ri ft h e
food is ingested soon after the completion of exercise. Thus, it
s e e m sv e r yl i k e l yt h a ti nF D E I A ,n o tt h es e q u e n c eb u tr a t h e r
the coincidence of triggering factors is of crucial importance.
Clinical history of EIA does not differ significantly from
that of anaphylaxis triggered by other factors. In the historic
paper by Sheffer and Austen [9], four stages of an EIA
event were distinguished: prodromal, early, fully developed,
and late. The prodromal symptoms manifest with fatigue
and prostration and generalized pruritus with erythema. The
early stage is characterized by generalized urticaria. If the event
progresses, fully developed EIA includes gastrointestinal
symptoms with abdominal cramps, nausea, and vomiting, as
well as symptoms of upper airway obstruction with dyspnea,
stridor, and a feeling of choking. Symptoms of the late phase—
frontal headache and fatigue—m a yb ep r e s e n tu pt o7 2ha f t e r
theonsetofEIA.Of course,this descriptiondoesnotincludeall
manifestations.InafullydevelopedEIAattack,thespectrumof
symptoms is wider and may be much more severe. Some
Activity Wade et al. [12], n (%) Shadick et al. [13], n (%)
Jogging 138 (69) 219 (78)
Aerobics 70 (35) –
Walking 59 (30) 117 (42)
Tennis/racquetball – 78 (28)
Tennis 41 (21) –
Racquetball 31 (16) –
Dancing 48 (24) 73 (26)
Bicycling 37 (19) 68 (24)
Table 1 Activities associated
with symptoms of exercise-
induced anaphylaxis
46 Curr Allergy Asthma Rep (2011) 11:45–51patients develop symptoms from the lower airways, including
dyspnea, wheezing, and chest tightness. Cardiovascular
symptoms, including collapse or altered consciousness, are
reported in one third of EIA patients [13]. Fatalities or near-
fatalities are very rare [17–19], but EIA must be considered
as a potentially life-threatening condition.
Diagnosis
A diagnosis of EIA is made based on clinical history and
physical examination. Patients are diagnosed with EIA if they
have had anaphylactic symptoms associated with exercise:
hives and/or angioedema or cardiovascular collapse, with or
without other anaphylactic symptoms such as gastrointestinal
disorders and upper or lower airway obstruction. If an
associationofanaphylacticsymptomswithexerciseisproven,
itmustbeclearlystatedwhetheritisfood-dependent(FDEIA)
or food-independent EIA. This is of crucial importance to the
prevention of future EIA attacks. The clinical history must be
carefully acquired to distinguish episodes of EIA from
exercise-accompanied anaphylaxis. In some individuals,
symptoms of anaphylaxis may repeat during exercise due
to factors other than physical effort. Examples include
exposure to cold while swimming, ingestion of NSAIDs as
painkillers by vigorously exercising athletes, and exposure to
sensitizing contact allergen (eg, latex). If the symptoms are
not obvious, a differential diagnosis should be considered. A
clinician should take into account not only other types of
anaphylaxis but also disorders that can mimic anaphylactic
symptoms. Differential diagnosis should include disorders
listed in the following sections.
Idiopathic Anaphylaxis
The trigger of idiopathic anaphylaxis is unknown and
unpredictable, but the symptoms are entirely the same as
those observed in EIA. Because low-intensity exertion may
provoke EIA, a very careful history taking is of crucial
importance for distinguishing between those two forms of
anaphylaxis.
Cholinergic Urticaria
Cholinergic urticaria results from increasing body temperature,
either active (eg, exercise) or passive (eg, hot shower). Lesions
are restricted to skin and manifested as punctuate, pinpoint-
sized wheals, whereas in EIA, they are usually much larger and
diffused. Bronchoconstriction with wheezing may occur, but
neither angioedema nor hypotension is present.
Cold Urticaria
Skin lesions are similar to those in EIA. They start in places
exposed to cold, usually on the hands, face, and neck, and
promptly take up the whole body. Intensive exposure to
cold (eg, contact with cold water) may induce a robust
histamine release, resulting in cardiovascular symptoms
with lowered blood pressure, collapse, or even shock. Cold
urticaria can result from exercise with exposure to cold (eg,
swimming or outdoor activity in winter).
Mastocytosis
Mastocytosis is a rare and heterogenic disorder characterized
by uncontrolled proliferation and accumulation of mast cells in
the skin (cutaneous mastocytosis) or more organs (generalized
mastocytosis). Skin involvement is manifested with urticaria
pigmentosa, whereas in generalized mastocytosis, gastrointes-
tinal symptoms with cramps, bloating, and sometimes diarrhea,
hypotension, and psychiatric disorders may be present. These
symptoms are associated with mediator release; thus,the riskof
severe anaphylactic reactions is increased, though they are not
clearly provoked by exertion. The diagnosis is made based on
Symptom Wade et al. [12], n (%) Shadick et al. [13], n (%)
Pruritus 183 (92) 257 (92)
Urticaria 166 (83) 241 (86)
Angioedema 157 (78) 201 (72)
Flushing 150 (75) 194 (70)
Shortness of breath 117 (59) 141 (51)
Dysphagia – 94 (34)
Chest tightness – 92 (33)
Loss of consciousness 64 (32) 90 (32)
Diaphoresis 86 (43) 90 (32)
Headache 59 (30) 78 (28)
Nausea/diarrhea/colic 59 (30) 77 (28)
Choking/throat constriction/hoarseness – 71 (25)
Table 2 Frequency of exercise-
induced anaphylaxis symptoms
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hyperplasia.
Hereditary Angioedema
Hereditary angioedema is a rare autosomal dominant illness
associated with C1-inhibitor protein disorder, either decreased
serum level or presence of abnormal protein. The symptoms
may be triggered by major exertion, but in contrast to EIA, the
edematic lesions are nonpitting and produce no itching.
Exercise-Induced Asthma
Exercise-induced asthma is manifested with typical symptoms
of asthma exacerbation resulting from exercise. Consequently,
the symptoms are limited to the lower airways, except in life-
threatening asthma. In contrast to EIA, exercise-induced asthma
isfullypreventablewithinhaled,rapid-acting β-agonistspriorto
exercise or regularly inhaled glucocorticosteroids.
Neoplasmatic Disorders
In some neoplasmatic disorders with endocrine activity, such
as carcinoid, phaeochromocytoma, medullary carcinoma of
the thyroid and pancreatic cell tumor, release of bioactive
substances may mimic anaphylactic reactions. Although they
are not exercise dependent, the release may be triggered by
exertion. Skin manifestations with generalized rush or pallor
areveryrapid,andcardiovascularsymptomsarepredominant.
Management
Prophylaxis
Avoidance of potentially precipitating factors is of crucial
importance. Thus, patients should not perform outdoor
exercises during very cold, hot, or humid weather, or, in
those with seasonal atopy, during the pollen season. Aspirin
and other NSAIDs should not be taken in association with
exercise. Refraining from exercise for 4 to 6 h after food
ingestion is a classical recommendation for those with
FDEIA. Some evidence suggests that in FDEIA, the
sequence of events might be reversed (ie, anaphylaxis
may occur after ingestion of causative food following
prolonged exercise). Thus, it seems reasonable that patients
with FDEIA should refrain not only from postprandial
exertion but from food ingestion after exercising as well.
Some pharmacologic protection also seems possible. A
case report demonstrated a protective effect of coadminis-
tration of cetirizine and montelukast in an adolescent male
with FDEIA triggered by peaches [20]. Recently, evidence
has started to accumulate indicating that pretreatment with
agents that can inhibit cell degranulation may have a
preventive effect in FDEIA. It has been demonstrated that
in FDEIA to wheat, administration of sodium cromoglycate
before ingestion of the causative food and exercise
prevented symptoms of anaphylaxis in two children [21￿].
A similar effect was observed in a young female after
pretreatment with ketotifen [22].
Acute Treatment
ManagementofEIAdoesnotdifferfromthatofothertypesof
anaphylaxis [23]. Immediate termination of physical effort at
the earliest warning manifestation is of crucial importance to
avoid potentially life-threatening cardiovascular symptoms.
Base pharmacotherapy includes epinephrine, antihistamines,
and systemic corticosteroids. Shadick et al. [13]r e p o r t e du s e
of those drugs by 31%, 56%, and (surprisingly) only 5% of
patients with EIA, respectively.
Pathophysiology
The pathophysiology of EIA and FDEIA is not fully
understood. There is general agreement that histamine
release is the key feature. Increased plasma histamine has
been documented during EIA [24, 25] and FDEIA [11]
episodes. Following exercise, cutaneous mast cells from
EIA patients—but not fromcontrols—presented morphologic
changes similar to those observed in atopic patients after
allergen stimulation [26]. What is the exercise-specific factor
(or, possibly, combination of factors) responsible for cell
degranulation that is not well-understood? Current working
hypotheses include those outlined below.
Increased Gastrointestinal Permeability
Exercise increases absorption from the gastrointestinal tract.
Although the importance of altered intestinal permeability
is still debatable [27], it is speculated that allergens have
enhanced contact with the gut-associated immune system.
In some cases, FDEIA symptoms depend on the amount of
causative food ingested [28]. Increased permeability might
also result in absorption of only partially digested allergenic
proteins.It has been demonstrated that gliadin,the predominant
allergen in wheat-dependant EIA, appears in sera from FDEIA
patients and healthy controls after an exercise/food challenge,
but not after food ingestion alone [29].
Aspirin and NSAID Ingestion
NSAIDshavebeenshowninaspirinmodelstoinduceFDEIA
symptoms with co-ingestion of the causative food [30]. Two
mechanisms should be taken into consideration. First, it was
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and antigen uptake [29], even in a dose as low as 100 mg
[31]. Second, aspirin itself might enhance immune cell
degranulation. Skin prick test amelioration due to oral aspirin
intake was observed in five of eight FDEIA patients [32],
possibly due to cyclooxygenase inhibition. Of course, aspirin
intake definitely is not a universal factor responsible for
anaphylactic symptoms, but it may provide interesting
insights into the pathomechanisms of FDEIA and may be
used as a substitute for exercise in an experimental model.
Increased Tissue Enzyme Activity
Tissue transglutaminase in the intestinal mucosa could be
activated by exercise and aspirin. Omega-5 gliadin, a major
allergen in FDEIA to wheat, is cross-linked by tissue
transglutaminase, which results in the formation of large
peptide aggregates and facilitates greater IgE cross-linking
[33]. It seems likely that this could elicit allergic reactions
in patients with FDEIA to wheat; however, no experiments
have confirmed the presence of gliadin–transglutaminase
complexes in the circulating blood.
Blood Flow Redistribution
It is well-known that even in mild exercise, a redistribution
of blood flow occurs from inactive to active tissues. Cooper
and coworkers [34] suggested that food-sensitized, gut-
associated immune cells do not elicit symptoms of
anaphylaxis as long as they remain in a local (portal)
circulation. However, when these sensitized cells are shifted
to the skin and skeletal muscle with exercise-induced blood
flow redistribution, FDEIA symptoms are present. This
hypothesis was recently developed by Robson-Ansley and
Toit [35￿], who speculated that absorbed food allergens are
well-tolerated by intestinal mast cells and thus provoke no
symptoms at rest. The exercise-induced redistribution of
blood results in displacement of the recently ingested
allergens from the gut to the target tissues. Mast cells in
the skin and skeletal muscles are phenotypically different
from those in the gut [36] and can be induced by the food
allergens, increasing the potential for EIA. An argument
against this hypothesis is a protective action of sodium
cromoglycate against the precipitation of clinical symptoms
of FDEIA [21￿]. Because this drug inhibits activation of
intestinal mast cells, but not skin mast cells [37, 38], it
clearly indicates the leading role for intestinal mast cells in
initiation of a further cascade of pathological symptoms.
Increased Osmolality
The first step in the cascade of FDEIA events most likely
depends on intestinal mast cell activation caused by
increased osmolality of the microenvironment. It is known
that intestinal blood flow, if increased by administration of
vasodilators, significantly decreases tissue osmolality [39].
Tissue osmolality measured at the villous tips was 1,000 to
1,200 mOsm/kg H2O, while at the villous bases, it was
approximately isotonic to plasma. In intestinal blood
vessels, exercise-induced blood flow redistribution may
subsequently increase tissue osmolality at the villous bases
and consequently activate mast cells. In our earlier
experiment, we demonstrated that in basophils from FDEIA
patients, increased osmolality results in increased histamine
release compared with atopic patients and healthy volunteers
[40￿￿]. In physiologic osmolality of 280 mOsm, basophil
activation determined as CD203c expression on their surface
does not differ among FDEIA patients, atopic patients, and
healthy controls. In contrast, osmolality increased to
340 mOsm resulted in greater than twofold higher basophil
activation in FDEIA patients compared with the other
individuals investigated [41￿]. Secretion of histamine and
other vasoactive mediators results in allergen absorption and
its distribution to other organs, such as skin, which leads to
augmented IgE-dependent activation of mast cells and
spreads the symptoms of anaphylaxis. This proposal is in
accordance with previous observations concerning the
influence of aspirin on food allergen absorption and skin
mast cell reactivity [32] as well as with an earlier observation
concerning increased skin mast cell reactivity to codeine
after physical exercise seen only in FDEIA syndrome [42].
Whatever the mechanism(s) is, exercise increases gut
permeability, resulting in an increased amount of food
allergen presented to the mast cells and basophils. However,
there is still an open question as to why in FDEIA patients the
cells are activated and subsequently produce severe anaphy-
lactic reactions, while in patients with food urticaria or food-
dependent atopic dermatitis, they remain silent and do not
influencetheintensityofsymptoms.Therefore,itislikelythat
the immune systems of FDEIA patients have a “unique
property” that elicits different responses to the stimuli. On the
basis of our results [40￿￿], we hypothesize that this “unique
property” might be an individually decreased threshold for
histamine release. In addition, there are two other hypotheses
that are not well-documented and seem to be of minor
importance.
Increased Endogenous Endorphin Release
Endogenous endorphins are known to enhance mast cell
degranulation [43], but a significant increase in serum
endorphins is observed with prolonged and strenuous
exercise [44]. Thus, it seems unlikely that within the short
effort of mild intensity that is sufficient to initiate EIA,
serum endorphins might rise up enough to trigger cell
degranulation.
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In contrast to prolonged and strenuous exercise, exertion of
moderate intensity does not alter blood pH significantly
[45]. Only two cases have reported inhibition of FDEIA
symptoms with sodium bicarbonate [46, 47]. The mechanism
in which increased serum pH prevents anaphylaxis remains
unclear and requires further research.
Conclusions
Pathomechanism, or more likelypathomechanisms,of EIA and
FDEIA remain incompletely understood. Data from the recent
investigations indicate that the cascade of events resulting in
FDEIA symptoms is triggered in the intestine. Various
activating factors are taken into consideration, but exercise-
induced, locally increased osmolality in the intestine seems the
most probable. In patients with FDEIA, hyperosmolality
enhances mast cell degranulation and thus increases gut
permeability, resulting in an increased amount of food
allergen(s) presented to the mast cells and basophils.
There is still an open question as to why these cells are
activated in FDEIA, but not in other pathologies associated
with food allergy. In patients with FDEIA, higher than
normal susceptibility to activation caused by even small
changes resulting from exercise in the microenvironment
seems the most likely supposition.
The proposed FDEIA pathophysiology, despite being
suggestive and in agreement with other accumulated data,
requires prospective studies to increase the number of
observations; however, the rarity of this syndrome has not
facilitated these efforts.
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